A human fibroblast line expressing HLA-DR1 antigen on its surface was generated by transfection with DRa and DRP cDNAs. Expression of the invariant chain gene was not detectable in the transfected fibroblasts and was not induced by infection with measles virus. Lysis of measles virus-infected cells occurred with DRM-but not with DR4-restricted measles virus-specific cytotoxic T-lymphocyte (CTL) clones and was inhibited by a monoclonal antibody specific for DR antigen. Therefore, the invariant chain is not required for DR-restricted presentation of measles virus antigens by this fibroblast line. Transfected fibroblasts were lysed as efficiently as an autologous B-cell line even though they expressed much less surface DR antigen. Lysis of both the transfected fibroblasts and the B-cell line was insensitive to treatment with chloroquine. These results demonstrate that expression of a DR a'p heterodimer at the surface of this fibroblast line is necessary and sufficient for presentation of measles virus antigens to specific CTL clones.
The interaction of a helper T cell with an antigen-presenting cell that expresses surface class II antigens and a specific antigen results in lymphokine production by the T cell. Lymphokines in turn trigger effector cells of the immune system (1) . Human antigen-presenting cells (B cells, macrophages) express class II antigens of the major histocompatibility complex (MHC)-namely, HLA-DR, -DQ, and -DP (2) . Recent advances in cloning the genes for the a and /3 subunits of class II antigens and their expression in cells that are normally class II negative have made it possible to study the structure-function relationships in class II antigens. Murine fibroblasts transfected with the genes for murine or human MHC class II antigens can express the molecules on the cell surface (3) (4) (5) . Moreover, these class II-expressing transfectants are capable of stimulating several antigenspecific and allospecific T cells in a MHC-restricted manner (4, 5) .
MHC class II antigens can also be involved in antigen presentation to cytotoxic T lymphocytes (CTLs) . The CTL response to measles virus is predominantly MHC class II restricted and the majority of measles virus-specific CTL cones are CD4 + (6, 7) . To analyze the requirements for the recognition of measles virus-infected cells by CTLs, DNAmediated gene transfer of human MHC class II genes was used to reconstitute a suitable target cell. In this report, we show that expression of HLA-DR at the surface of a human fibroblast line infected with measles virus is sufficient for recognition and lysis by specific CTLs.
The requirements for cell-surface expression of class II 
MATERIALS AND METHODS
Transfected Human Fibroblast Lines. The human simian virus 40-transformed fibroblast line 637B and two clones obtained after transfection with the DR1 a-and 8-chain cDNAs have been described (9) . Briefly, 637B cells were transfected by the calcium phosphate-precipitation technique with plasmids containing full-length DRa and DRP cDNA clones together with the pSV2-neo plasmid for selection. Expression of cDNA inserts was controlled by the simian virus 40 early promoter. DR-positive 637B cells were isolated after selection in G418 by several cycles of cell sorting and then were cloned (9) . Viral Infections. Target cells were infected with the Edmonston strain of measles virus (6, 7) at a multiplicity of infection of 1 [for the B lymphoblastoid cell line (B-LCL)] or 3 (for 637B) for 90 min and incubated for 3 days in Eagle's minimal essential medium supplemented with 15% heatinactivated fetal calf serum and 2 mM glutamine. Target cells were infected with influenza virus as described (7) .
RNA Blot Analysis. Poly(A) + RNA from the untransfected 637B cell line, transfected cell lines, and control B-cell line were denatured with glyoxal, size-fractionated in 1.5% agarose gels, and transferred to nylon membranes as described (9) . Prehybridizations and hybridizations with DNA fragments from DRa, DR/3, or invariant chain cDNAs were carried out as described (9) .
Effector Cells. The measles virus-specific CTL clones were generated and maintained in culture as described (6, 7) . Clones TB30, TB34, TB38, and TB60 were shown to be DR1-restricted by their ability to lyse a panel of DR1-positive B-LCL infected with measles virus and their inability to lyse infected DR1-negative B-LCL. The DR4-restricted measles virus-specific CTLs were generated by primary in vitro sensitization from a normal donor as described (7). These CTLs cultured in bulk were shown to be predominantly CD4+ and HLA class II restricted (7, 10, 11) .
The DR4-restricted influenza virus-specific CTL line was generated by repeated stimulations with irradiated (6000 rad; 1 rad = 0.01 Gy) autologous influenza virus-infected peripheral blood lymphocytes as feeders and cultured in the presence of 10% interleukin 2 and 5% human AB serum. After seven passages, this line expressed the CD4' phenotype and lysed specifically DR4-positive B-LCL targets infected with influenza virus. CTL Assays. An indium oxine ("1'In) release assay (12) was used with 637B cells because it offered a substantially improved efficiency of labeling over 51Cr. 
RESULTS

Measles Virus Infection of a Human Fibroblast Line That
Expresses Transfected DRa and DRP cDNAs. The human fibroblast line 637B was infected in vitro with measles virus. After infection, 637B cells were still negative for expression of MHC class II antigens (data not shown). The 637B line has been previously transfected with plasmids carrying expressible cDNA inserts for the DRa and DR.8 chains (9).
The 637B cells expressing cell-surface DR antigen were isolated by cell sorting on a flow cytometer and then were cloned. The level of surface DR antigen on clones C9 and C9E8 was about 1/20th to 1/10th the level present on a B-LCL (9) . DR expression in transfected 637B cells was unaffected by measles virus infection (data not shown).
Antibodies specific for the other MHC class II antigens DQ and DP did not bind to DR-positive 637B transfectants, even after measles virus infection.
To confirm that only the transfected class II genes were transcribed, poly(A)+ RNA from the transfected and untransfected 637B lines was analyzed. The RNA transcripts encoded by the cDNA expression vector are =300 bases longer than the natural transcripts because they contain additional vector sequences (9, 14) . With this size difference, it was possible to determine that measles virus infection did not induce expression of the endogenous DRa and DRf3 genes (Fig. 1) . Longer transcripts from the transfected genes were also detected; they most likely result from transcription through the simian virus 40 late gene transcription termination signal present on the vector and termination at downstream flanking sequences.
The invariant chain gene is not expressed in 637B cells but it can be induced, together with other class II genes, by treatment with y-interferon (9) . It is also known that viral particles can induce class II antigen expression on certain cells (15) . It was therefore important to test whether the 3-day infection with measles virus had induced expression of the invariant chain gene in 637B cells. No transcript from the invariant chain gene was detected in infected 637B-C9 cells (Fig. 1) . Note that 5 gg of 637B-C9 poly(A)+ RNA was run in parallel with only 0.5 ,ug of poly(A)+ RNA from a B-LCL.
Antigen Presentation to Measles Virus-Speciflc DR1-Restricted CTL Clones Occurs in the Absence of the Invariant Chain. The ability of transfectants that lack invariant chain expression to present antigens to measles virus-specific DR1-restricted CTL clones was tested. Results ( (14) . The (Fig. 2) . In contrast, monoclonal antibodies to DP and to class I antigens had little effect.
Antigen Presentation to Measles Virus-Specific CTL Clones Is Chloroquine Insensitive. Chloroquine is a lysosomotropic agent known to inhibit processing of soluble antigens or viral antigens that are presented by MHC class II antigens (13, 16) . A class II-restricted CD4' CTL line specific for influenza virus was used as a control (Fig. 3A) . As expected, lysis of an influenza virus-infected B-LCL by this CTL line was completely blocked by treatment of the B-LCL with chloroquine prior to and during the infection. The chloroquine treatment blocked antigen processing but not infection because high levels of influenza virus antigens were detected at the cell surface (data not shown). In contrast, the same B-LCL infected with measles virus in the presence of chloroquine was still lysed by measles virus-specific CTLs (Fig. 3B) . Two to 4 times higher effector/target cell ratios were required to achieve the level of lysis seen with infected cells not treated with chloroquine. The basis for this difference is either that the chloroquine-treated B-LCL is not lysed as easily as the untreated B-LCL, or that some effector cells in the bulk measles virus-specific CTL population recognized antigens that are processed through a chloroquine-sensitive pathway. The transfected fibroblasts infected with measles virus in the presence of chloroquine were lysed by a DR1-restricted measles virus-specific CTL clone as efficiently as cells not treated with chloroquine (Fig.  3C) . Therefore, processing of measles virus antigens seems to follow a pathway different from the endocytic pathway that is involved in processing of influenza virus antigens. DISCUSSION DNA-mediated gene transfer of human MHC class II genes into a human class Il-negative fibroblast line was used to study the requirements for antigen recognition by measles virus-specific CTL. Expression of DR antigen on the surface of the fibroblast line was both sufficient and necessary for efficient recognition, after measles virus infection, by measles virus-specific T-cell clones. It can also be concluded that the invariant chain is not required in this process of antigen presentation because expression of the invariant chain gene was undetectable in the transfected fibroblasts even after infection with measles virus. Previous studies of antigen presentation by murine L cells transfected with class II genes (4, 5) did not address the role of the invariant chain because L cells express this protein (17) .
The transfected fibroblast line infected with measles virus was lysed as efficiently as an infected B-cell line by measles virus-specific CTL clones even though it expressed 10 to 20 times less DR antigen at the cell surface. This efficient recognition and lysis of a transfected fibroblast by human CTLs contrasts with several reports on transfected murine fibroblasts (18, 19) . Even though transfected murine fibroblasts have been lysed by certain human CTLs (20) , it is likely that the use of a human target cell accounts for the efficient lysis by human CTLs reported here. Antigenindependent conjugate formation between target and effector cells may be essential for target cell recognition by CTLs (21) . It is relevant in this respect that the fibroblast line 637B expresses LFA-3, a surface molecule that contributes to conjugate formation by binding to the CD2 T-cell surface molecule (21, 22) .
Several pathways of antigen presentation exist (23) . Soluble extracellular proteins can be endocytosed by antigenpresenting cells and are presumably processed in endocytic vesicles. This exogenous pathway is typically linked to antigen presentation to class II-restricted T cells, and it is blocked by chloroquine (16) . The endogenous pathways of antigen presentation have not yet been defined but are involved in class I-restricted presentation of cytoplasmic and cell-surface viral antigens (24) . This presentation of endogenously synthesized viral antigens is chloroquine insensitive (13) . Although no evidence exists yet for class II-restricted presentation of newly synthesized proteins, several findings suggest that the processing of measles virus antigens in infected cells occurs via an endogenous pathway. First, as demonstrated in this study, the measles virus antigen presentation is not blocked by treatment of target cells with chloroquine. The lack of inhibition by chloroquine is not a peculiar feature of the transfected cell expressing DR antigen in the absence of the invariant chain, because it was also (26) and chloroquine interferes with the release of the invariant chain from the af3 dimer (27) . Class II-restricted CTL specific for influenza virusinfected cells would be a good experimental system to test for the role of the invariant chain in the exogenous pathway of antigen presentation. Class II-restricted CTL clones specific for influenza virus have to be generated for that purpose, because bulk CTL lines give a high background killing with the 637B fibroblast line.
The results of this study demonstrate that measles virusspecific DR1-restricted CTLs require only the appropriate class II antigen on the infected target cell for effective recognition. The use of human cells for introduction of class II MHC genes has circumvented difficulties encountered in other studies. Such a homologous system is also well suited to study the role of accessory molecules and antigen-processing pathways both at the effector and target cell level.
